Using a two-dimensional electromagnetic and relativistic particle-in-cell (PIC) code, we show that high-frequency electromagnetic waves can be emitted by the plasma maser from Langmuir waves generated by cold electron beam instability in pair plasmas. It is confirmed that the presence of a magnetic field is essential for the plasma maser mechanism.
Introduction
Plasma maser [] is a new nonlinear process for generation of various kinds of waves in plasmas, among other processes like cyclotron maser instability [2] , Cherenkov emission [3] , free-electron laser [4] , and parametric three-waves interaction [5] . The most important characteristics of the plasma maser process is that the process requires the external magnetic field.
Recently Gyobu et al. [6] showed by using a 2-D EM PIC code that electromagnetic waves (R-mode) can be emitted from Langmuir waves generated by the electron beam (TlT,o = 2) instability in pair plasmas, where I is the background temperature and 16 is the beam temperature.
In the present paper we investigate by using a twodimensional electromagnetic and relativistic PIC code whether electromagnetic waves can be generated by the plasma maser from Langmuir waves excited by cold electron beam (26 = 0) instability [7] The solid line in Fig. l(c) shows the time history of the electric field energy E2,, while the dotted line shows the case without the beam. As seen in Fig. 1(c) , the electric field E grows after the electric field energy associated with the beam instability becomes large.
The enhancement of the electric field E, is related to the plasma maser mechanism. Before discussing this, we investigate the phase space y -v, for the beam electrons. Fig. 2 t'f# Gyobu D. el Fig. 3(a) , as seen in Fig. 3(b) and 3(c) , then we perform the inverse-Fourier transformation to obtain the time histories for the excited high-frequency waves. As seen in Fig. 3(c) , the high-frequency electromagnetic waves with olror" -2.5 along a magnetic field can be excited only after about 20 rrro"/.
We may conclude from the above observations that the electromagnetic waves parallel to a magnetic field can be excited by the trigger of the Langmuir waves due to the cold electron beam instability. We investigate further the characteristics of the excited electromagnetic waves. Fig. 4 shows the hodograph of the electric field E,-E, associated with the excited electromagnetic waves. From   Fig.4 we conclude that the excited electromagnetic waves along a magnetic field show almost linearpolarization.
We investigate further the emission process of electromagnetic waves by Langmuir waves. The plasma maser theory predicts that there appears no plasma maser mechanism when external magnetic field is absent. Fig. 5 shows three different simulations: (1) thermal noise case with no electron beam and no magnetic field, (2) the case with beam (vo = 0.'7c, nrlno = 0.1) and no magnetic field, (3) case with beam (vo = 0.7c, n,olno = 0.1) and with magnetic field (a)r"/0)"" = 0.1). As seen in Fig. 5 , there is no strong enhancement of the electric field Ez for the case (2), compared with the case (3). Therefore, we conclude that the present emission mechanism is the plasma maser process, because it is essential for the presence of the external magnetic field as predicted by the plasma maser theory.
There are many emission mechanisms of 7, where Q and I representi ,h" fr"qu"ncy and wavenumber for electromagnetic waves. As is shown by Fig. 3(a) 
Conclusions
We found that high-frequency electromagnetic waves can be excited for both directions parallel and perpendicular to a magnetic field. We confirmed that these electromagnetic waves can be generated by the plasma maser from Langmuir waves excited by the cold electron beam instability.
